Driven by the possibilities of the Internet of Things (IoT), global information and communication technology (ICT) firms have taken significant steps forward in recent years.
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advancement of the Internet (Rifkin, 2011) . The Internet has transformed how people live, work, socialize, and meet, and how countries develop and grow. It has changed from a network for researchers to a day-to-day reality for billions of people in two decades (McKinsey, 2011) . Consequently, the computer-initiated ICT world has changed significantly. The entire system has become interactive, integrated, and seamless. This interconnectedness is creating new opportunities for cross-industry relationships.
Cowen (2011) argued that, "Contrary to the dramatic advancement of the Internet and subsequent ICT advancement, we were living through the consequence of a dramatic decrease in the rate of innovation." He argued that the consequence of slowing innovation was fewer new industries and less creative destruction, hence fewer new jobs. He stressed that, while the technological progress brought a big and predictable stream of growth across most of the economy, those assumptions were turning out to be wrong or misleading when it came to the Internet. He then suggested the possibility of the consequence of the two-faced nature of ICT.
From the dramatic advancement of the Internet and subsequent third industrial revolution inevitably emerged a new paradox of the advancement of ICT. Brynjolfsson, who first reacted to Solow's production paradox in 1993, raised the question, "Could technology be destroying jobs?" (Brynjolfsson and McAfee, 2011) . He argued by giving an example of the music industry: "Because you and I stopped buying CDs, the music industry has shrunk, according to revenues and GDP. But we're not listening to less music. There's more music consumed than before." He further mentioned that maybe it's not the growth that is deficient but the yardstick that is deficient and postulated the limit of GDP (Brynjolfsson et al., 2014) .
Inspired by these arguments, Lowrey (2011) postulated that the Internet promotes more free culture, the consumption of which provides utility and happiness to people but cannot be captured through the GDP data that measure revenue.
Uncaptured GDP and Its Source
Sources of Free Culture
Considering the evolutional services that the Internet provides under free culture, several analyses and debates were initiated on the sources of its free culture.
Unique function stemmed from online intermediaries
Copenhagen Economics (2013) studied the impact of online intermediaries 2 (that play a core role in the Internet function) on GDP of EU27 countries in 2012 by identifying: (i) direct contribution through consumption increase, (ii) indirect contribution through productivity increase, and (iii) beyond measurement. The report estimated that, contrary to direct and indirect GDP contributions of EUR 220 billion (1.7% of GDP) and EUR 210 billion (1.65% of GDP), respectively, EUR 640 billion (5.0% of GDP) derived from B2B platforms by e-commerce, online advertising, and consumer benefits of free 2 Online intermediaries provide platforms for the exchange of goods, services, or information over the Internet.
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4 services like Google search was beyond measurement by the GDP statistics. The report also pointed out that these estimates were understated, as they didn't include the direct contribution by investments, which are hard to measure, and the sociocultural value created by social network development.
Consumer surplus
The research by Brynjolfsson et al. (Revised 2017) analyzing online booksellers found that significant consumer surplus gains were created by the increased product variety available through electronic markets and that efficiency gains resulted from increased competition leading to lower average prices. Their analysis indicates that the increased product variety of online bookstores enhanced consumer welfare by US$731 million to US$1.03 billion in the year 2000, which is seven to 10 times larger than the consumer welfare gain from increased competition and lower prices in this market. Analyzing the big economic opportunities and challenges in capturing the maximum value of IoT, McKinsey (2015) estimated that consumer surplus derived from the IoT could be more than 10 percent of the global economy by 2025.
New goods and services derived from disruptive innovations
The US Council on Competitiveness (2016) pointed out that the apparent slowdown in productivity in the industrialized countries could be simply due to the lack of capacity in statistical offices to properly measure the massive quality gains and hard-to-measure benefits of relatively new goods and services (e.g., Google, Facebook, Twitter) that are radical breaks with previous products or, in some cases, are provided for free to the users.
The report also discussed that, despite tremendous previous problems in accurately measuring the benefits of new goods and services, there is some evidence that statistical agencies are now better at capturing this value. But adjustment issues related to previous gains still remain to accurately measure productivity growth.
It also pointed out that current estimates for the non-market benefits of free goods and services like Google, Wikipedia, and Facebook do not make up for the shortfall in productivity growth. It may turn out that those estimates understate the non-market benefits, but it would be very hard to know. Similar points were also made by The Economist (2016) claiming that "GDP is a bad gauge of material well-being and it is a time for fresh approach."
Online piracy
In addition to the foregoing beyond-measurement difficulties inherent to disruptive innovations caused by the dramatic advancement of the Internet, it was generally M A N U S C R I P T
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5 pointed out that a corresponding increase in online piracy is another difficult issue beyond GDP measurement.
Uncaptured GDP
Following these analyses and debates, Watanabe et al. (2015a) discussed the two-faced nature of ICT and the emergence of uncaptured GDP as fatal to the advancement of the Internet (Watanabe et al., 2015a (Watanabe et al., , 2015b (Watanabe et al., , 2016a (Watanabe et al., , 2016b . They pointed out that, while advancement of ICT generally contributes to enhanced prices of technology by new functionality development, the dramatic advancement of the Internet contributes to decreased prices of technology due to its unique, inherent characteristics of freebies, easy copying, and mass standardization. With this understanding, they supported Lowrey's (2011) postulate that the Internet promotes free culture, the consumption of which provides utility and happiness to people but cannot be captured through GDP data that measure revenue. The authors defined these added values that provide people utility and happiness beyond economic value under free culture as an uncaptured GDP.
Consequence of IoT
The Internet continues to grow rapidly and changes every aspect of our lives by introducing new ways of communication, learning, socialization, and doing business, further transforming our world into an IoT-based society (Bharadwaj et al., 2013; Internet Society, 2016) . The IoT has also changed the traditional meaning of the word "product" introduced in the era of "Product of Things (PoT)." In the era of the IoT, the product can be a technology, device, service powered by software, a flow of data, a software application for monitoring, automation, and analysis, or any combination of the above.
The transformation of the traditional Internet, where data are "created by people," to the IoT, where data are "created by things" (Madakam et al., 2015) will generate data at a much larger scale that requires more advanced technological capabilities, as most of the data collected today are not fully exploited. To be competitive and to capitalize on the highly promising business opportunities of the IoT, global ICT firms need to embrace sophisticated digital solutions and restructure their business models (Bharadwaj et al., 2013 ).
Due to the challenges and huge interest in the IoT, the importance of business models and digital business strategies cannot be over-emphasized. Bharadwaj et al. (2013) and Kahre et al. (2017) stressed the significance of digital business strategies (DBS) and discussed the fundamental role of digital technologies in transforming business strategies, business processes, firm capabilities, and the nature of products and services.
They also highlighted the significance of digital business strategy as: (i) the significant role of ICT pervading digital resources in other functional areas such as operations, purchasing, supply chain, and marketing; (ii) going beyond systems and technologies; and (iii) explicitly linking digital business strategy to creating differential business value, thereby elevating the performance implications of ICT strategy beyond efficiency and productivity. Bharadwaj et al. (2013) also pointed out that it is clearly time to rethink the role of ICT strategy from that of a functional-level strategy subordinating business strategy to the digital business strategy that fuses ICT strategy and business strategy. 
New Business Strategies Spinning Off From a PoT Society to an IoT Society
The authors, in their previous research, analyzed the business strategies of 500 global ICT firms in 2007 and 2010 (before and after the Lehman shock in 2008) and identified the following strategy for resilient market value creation in the digital economy 3 (Watanabe et al., 2014) .
• Dependency on high R&D profitability while restraining its elasticity • Effective utilization of external resources in innovation • Hybrid management of technology between indigenous R&D and assimilation of spillover technology
In their sequel studies, the authors tried to compare the spinning-off dynamisms from traditional computer-initiated ICT innovation in the era of the PoT to Internet-initiated ICT innovations by using their developed co-evolutional framework between the advancement of ICT, a paradigm change, and a shift in people's preferences (Fig. 1) .
The authors have found that, corresponding to a shift from computer-initiated innovation toward the new stream of Internet-initiated innovations, social preferences have shifted from economic functionality to supra-functionality. The economic impact of innovation has shifted from captured GDP (monetized revenues) to increasingly uncaptured GDP (un-monetized revenues) due to the digital nature, free availability of the products, and new business models M A N U S C R I P T
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The authors suggested that the digital business strategy corresponding to the new stream of innovations should be supported by a trust-based, ICT-driven disruptive business model (IDBM) with consolidated challenge to social demand (CCSD) incorporating the inherent self-propagating function. The significance of the above suggestions should be recognized in the foregoing transformation of traditional ICT-driven functionality development strategy toward digital business strategy (Ahmad et al., 2016 ).
Dynamism Transforming into Digital Business Strategy
None of the previous research has elucidated the dynamism of this transformation leading global ICT firms to create digital business strategy corresponding to an IoT-based society.
This paper attempts to explore new approach to demonstrate the above hypothetical views by explaining the transformation dynamism, in shifting from the PoT toward the IoT and give constructive insights to global ICT firms for their digital business strategies.
Based on the findings obtained from the following preceding analyses illustrating the spin-off from traditional to new co-evolution, an empirical analysis was conducted by evaluating the new survival strategy of top 500 global ICT firms over the period of 2005-2016, with a focus toward the following new business models and also paying special attention to their specific features similar to: It was identified that high R&D-intensive firms have fallen into a trap in ICT advancement resulting in declining their marginal productivity of ICT that, which can be considered a consequence of two-faced nature of GDP. Consequently, these firms are endeavoring to increase self-propagating functionality development by sublimating sophisticated digital business strategies, which can be considered a soft value addition to deal with the issue of uncaptured GDP. Fig. 2 illustrates dynamism spinning-off to increasing dependency on uncaptured GDP.
This analysis thus explores a new insight for ICT firms for their transformative strategy toward an IoT-based society.
Section 2 of this paper reviews the shift of global ICT firms toward the IoT. Section 3 analyzes increasing dependency on uncaptured GDP in the global ICT firms. The sources inducing high self-propagating function are analyzed in Section 4. Section 5 briefly summarizes noteworthy findings, policy suggestions, and future research. 
where R: R&D investments; and a, b: coefficients.
The top 500 global ICT firms were divided into three groups by using cluster analysis 4 based on their R&D and sales levels in year 2016 as illustrated in Fig. 3 . The result of the correlation analysis is statistically significant. This demonstrates that sales of the global ICT firms are governed by their ICT stock as cumulative stock of R&D investment constructs ICT stock 5 .
4 K-means clustering analysis was used. 5 This result leads to (b: elasticity). This suggests that marginal productivity of R is proportional to R productivity in R-driven growth trajectory, typical for the digital innovation. 
Business Structure Comparison of Top 70 Global ICT Firms
With the foregoing understanding, Table 1 
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Activation of Global ICT Firms
Over the last decade, dramatic advancement of the Internet worldwide paved the way to the acceleration of the IoT. This advancement was conspicuous after 2010, as initiated by global ICT firms as demonstrated in Fig. 3 and Table 2 . 
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Noteworthy Shift of Global Firms from 2010 to 2016
Foregoing strong initiatives toward the IoT led by global ICT firms, particularly after 2010, resulted in a structural change of market value in leading firms. Table 3 (2) Microsoft (3) Apple (1) 2 Microsoft (3) Apple (10) Google (2) 3 IBM (13) General Electric (16) Microsoft (3) 4 Intel (15) Google (17) Amazon (4) 5 Cisco (25) IBM (21) Facebook (6) 6 Dell (34) Cisco (30) Tencent Holdings (10) 7 Samsung (47) Oracle (36) Alibaba (12) 8 Nokia (50) HP (38) General Electric (13) 9 Siemens (55) Intel (42) Samsung (14) 10 HP (72) Samsung (50) Oracle (34) 11 eBay (82) Siemens (63) Intel (40) 
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The above review highlights the following noteworthy shift of global firms from 2010 to 2016 toward the IoT. First, leading global firms in the market, with respect to their market capitalization, have been shifted from those in the finance and energy sectors to ICT firms. Table 2b demonstrates that ICT firms comprise nine of the top 15 firms with respect to market value in 2016. The top three firms were all ICT firms.
Second, within ICT firms, the following shifts in their business focus have been evidently observed:
• From mechatronics to software (e.g., General Electric, IBM, and Siemens have decreased their status) • From software to network (e.g., Apple and Google have exceeded their status, while Microsoft has decreased its status) • From Network to a merging of network and physical (e.g., Amazon has dramatically raised its status by merging e-commerce and brick-and-mortal retail) • From commodity to culture (e.g., noting increase in status of Facebook and Samsung)
These noteworthy shifts can be considered a consequence of endeavoring to increase a self-propagating functionality development by sublimating sophisticated digital business strategies against a trap in ICT advancement resulting in declining marginal productivity of high R&D-intensive ICT firms. This accomplishment can be considered a soft value addition to deal with the issue of increasing dependency on uncaptured GDP.
The next section demonstrates this hypothetical view. 
where X: production factors other than T.
In long run, T can be treated proportional to R&D investment (R) and time trend (t) 6 (Watanabe, 2009 ).
Given the logistic growth nature of ICT, increasing trajectory of S in global ICT firms can be depicted by the following R-driven logistic growth function:
where a: velocity of diffusion, and N: carrying capacity (upper limit of diffusion).
Given the global ICT firms, equation (3) can be approximated as follows (Watanabe et al., 2009):
Equation (3) is developed to the following simple logistic growth (SLG) function which incorporates special advantage in assessing the state and prospect of productivity and development trajectory objectively:
where b: coefficient indicating the initial state of the diffusion.
, marginal productivity of ICT can be depicted as follows: 
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1) Specific features of global ICT firms
In conducting the analysis, following specific features of development trajectory identical to global ICT firms were carefully considered.
While digital innovation accelerates logistic growth of global ICT firms induced by logistic growth nature of ICT, this innovation emerges "mutation" firms with outlying behavior. They are generally newly founded young firms but expand at tremendous pace as demonstrated in Table 4 and Fig. 6 . 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
In order to explore a new insight for ICT firms for their transformative strategy toward an IoT-based society, objective state and prospect of productivity and development trajectory of global ICT firms general (not certain particular noting firms) should be analyzed not biased by particular gigantic "mutation" firms. However, since SLG function depends on fixed carrying capacity common to all firms analyzed resulting in biased estimate by highest development state in gigantic firms. Aiming at avoiding such bias by certain gigantic firms, comparative assessment of the bias of gigantic firms in distorting R-driven development of the majority of 500 global ICT firms was conducted by treating gigantic firms that may distort such behavior as dummy variable in the SLG function. This comparative assessment identifies such gigantic ICT firms which have high variance from the general behavior of global ICT firms, and measures the magnitude of that variance, without which the highest representation of R-driven development trajectory can be analyzed by using SLG function (see the details of this treatment in Appendix B). Table 5 summarizes the result of the comparative assessment. 
2) Results of the analysis
By conducting the similar assessment, Table 6 tabulates results of the estimation of SLG function over the period of 2005 and 2016. All results are statistically significant. The figures in parentheses indicate t-statistics: All are significant at the 1% level.
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Trend in Marginal Productivity of ICT in Global ICT Firms
Declining Trend in the Marginal Productivity of ICT
Utilizing equation (6) in Section 3.1, Fig. 7 demonstrates a trend in the marginal productivity of ICT in global ICT firms over the period 2005-2016. Fig. 7 demonstrates explicit bi-polarization between high R&D-intensive firms (HRIF: D 1 in Fig. 6 ) out of 500 global ICT firms and remaining low R&D-intensive firms (LRIF: D 2 and D 3 in Fig.  6 ). HRIFs have fallen into a vicious cycle between R&D investment centered by ICT and its marginal productivity, as the former increase results in declining the latter. On the contrary, LRIFs have been enjoying a virtuous cycle between them, as R&D increase leads to marginal productivity increase. 
Structural Source of Decline in Marginal Productivity of ICT
Decline in marginal productivity of ICT can be attributed to the dependency on the Internet and its subsequent two-faced nature (Watanabe et al., 2015) . Advances in ICT can largely be attributed to the dramatic advancement of the Internet (McKinsey Global Institute, 2011; ITU, 2013), which has changed the computer-initiated world significantly. Advancement of ICT generally contributes to enhanced prices of technology by increasing new functionality development 7 . However, the dramatic advancement of the Internet actually causes a decrease in the price of technology due to its nature of freebies, easy copying, and mass standardization (Cowen, 2011; Watanabe et al., 2015) . Consequently, prices of technology in highly ICT-advanced firms change to a declining trend, as illustrated in Fig. 9.   Fig. 9 . Two-Faced Nature of ICT and Uncaptured GDP Emergence.
ICT Leaders Endeavor Against Marginal Productivity of ICT Decline
Given that the firms seek maximum profit in the competitive market, marginal productivity of technology corresponds to relative price of technology (ratio of technology prices and prices of product). Therefore, the Internet-driven price decrease corresponds to marginal productivity decline.
This can be the structural source of marginal productivity decline in ICT leaders. Given such circumstances, ICT leaders endeavor to accelerate price increase by means of successive, efficient, new functionality development by minimum expenditures and minimizing price-decrease factors by outsourcing them to other parties (Watanabe et al., 2015) . Activating the ICT-inherent self-propagating function can lead to increasing uncaptured GDP 8 (Watanabe et al., 2016 (Watanabe et al., , 2017 as explained in Fig. 9 . 7 Functionality development is generally defined as the ability to dramatically improve performance of production process, goods, and services by means of innovation (Watanabe et al., 2005 ). 8 Uncaptured GDP can be defined as added value providing utility (satisfaction of consumption) and happiness beyond economic value to people but cannot be measured by traditional GDP accounting (captured GDP) that measures economic value.
Maintain technology prices -marginal productivity of technology
Utilization of external and soft innovation resources
By outsourcing price decreasing factors
Decline by freebies, easy copying, and standardization
Increase by new functionality development
Prices of technology
Uncaptured GDP
Internet
ICT stock
Note: At the initial stage of Internet commercialization, its price is extremely higher than that of ICT.
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Trend in Dependency on Uncaptured GDP in the Global ICT Leaders
Self-Propagating Dynamism
As reviewed in 3.1, the development trajectory of the global ICT leaders can be traced by the R&D-driven simple logistic growth function, as depicted by equations (4) and (5). While the level of carrying capacity (N) is assumed constant through the development process in this function, in particular innovations, the correlation of the interaction between innovation and institutions displays a systematic change in the process of growth and maturity. This leads to the creation of a new carrying capacity in the process of its development, similar to equation (7) as follows:
This equation leads to the following logistic growth within a dynamic carrying capacity (LGDCC) function, which demonstrates the level of carrying capacity enhancement as the development proceeds (Meyer et al., 1999) : (8) where Nk: ultimate carrying capacity, and ak and bk: coefficients similar to a and b.
Equation (8) demonstrates that the third term of the denomination governs the dynamic carrying capacity and, without this term, results in SLG with a constant carrying capacity.
From equation (7), dynamic carrying capacity can be expressed as follows:
This demonstrates that N(R) increases together with that of S(R) and its R&D-driven growth rate. This implies that the LGDCC function demonstrates functionality development in the context of the self-propagating behavior (Watanabe et This self-propagating function plays a vital role of the engine in spinning-off from the traditional co-evolutional of three mega-trends in the world of the PoT 9 to the new co-evolution toward the IoT, as illustrated in Fig. 1 . This spin-off plays a significant role in inducing ICT-driven innovation (Watanabe et al., 2015 (Watanabe et al., , 2016 . Here, spin-off is defined as jumping to more sophisticated co-evolutional dynamism from traditional co-evolutional dynamism in inducing innovation (Watanabe et al., 2011) .
Since the potential of functionality development can be traced by the ratio of 9 Under the PoT, computer-and semiconductor-initiated mass production played a vital role.
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24 development state and its upper limit (carrying capacity) ), functionality development in the LGDCC function can be depicted from equation (9) as follows:
This equation demonstrates that functionality development can be accelerated as its growth rate increases. This explains functionality development in the context of self-propagating behavior. Since functionality development plays a locomotive role in leveraging spin-off (Watanabe et al., 2011), equation (10) indicates that the self-propagating function leverages spin-off by inducing functionality development (see Appendix C dynamism in developing self-propagating function).
With the understanding that this self-propagating function can be attributed to its adaptability to ICT-driven logistic growth within a dynamic carrying capacity (LGDCC) function that increases functionality as it grows rather than a simple logistic growth (SLG) function that fades out functionality as it grows (Watanabe et al., 2004) , Table 8 estimates the LGDCC function of 500 global ICT firms in 2005 and 2016 10 and results are statistically significant. The self-propagating function can be attributed to dynamism of functionality development (FD) increase as growth proceeds (S increase) (Watanabe et al., 2004) . FD can be estimated by the ratio of N (carrying capacity) and S ). Therefore, the magnitude of the self-propagation function can be estimated by the ratio of N k (R) (dynamic carrying capacity that leads development trajectory after 10 Estimation of LGDCC depended on the three-step approximation approach (see Appendix D).
LGDCC
incorporating the self-propagating function) and S s (R) (development trajectory estimated by SLG that demonstrates development level when no self-propagating function incorporates) (Watanabe et al., 2017c). Fig. 10 demonstrates trends in marginal productivity of ICT and magnitude of the self-propagating function in global ICT firms in 2016. This figure shows that, in repulsion to marginal productivity of ICT decline, self-propagating function increase in high R&D-intensive global ICT firms such as Samsung, Intel, Google, Microsoft, Huawei and Apple. Thereby these firms correspond to peoples' preference shift to supra-functionality beyond economic value as demonstrated in Fig. 1 . This survival strategy can be called the long tail of the global ICT leaders (Anderson, 2006) .
The above analyses demonstrate the following noteworthy structural changes in global ICT firms toward the IoT acceleration after 2010:
• Dramatic decrease in ICT prices
• Subsequent decline in marginal productivity of ICT
• Intensive efforts in increasing functionality development by activating the self-propagating function.
It is postulated that this activation can be attained by harnessing the vigor of soft innovation resources, including sleeping/untapped resources, thus leading to increasing dependency on uncaptured GDP.
The next section demonstrates this hypothetical view. This can be attained in reaction to marginal productivity of ICT decline due to the high dependency on ICT that incorporates a two-faced nature. 
Transformative Direction of Leading Global ICT Firms
With the understanding of such dynamism aiming at demonstrating that high R&D-intensive global ICT firms succeeded in harnessing the vigor of soft innovation resources, Table 9 reviews the transformative direction of seven leading global ICT firms in harnessing such innovation resources over the period 1970-2020 11 . Based on the preceding review, Fig. 12 summarizes the noteworthy transformative direction of ICT-driven disruptive business models accomplished by seven leading global ICT firms in response to marginal productivity decline. Such accomplishments are correlated with soft innovation resources identified as a soft value addition corresponding to uncaptured GDP and essential for the spin-off from traditional PoT-driven innovation to new IoT-oriented co-evolutional innovation as reviewed in section 1.6. With respect to the transformative direction of IDBM, all seven leading global ICT firms demonstrate their success in harnessing the vigor of the soft innovation resources identified as soft value-addition corresponding to uncaptured GDP and an essential element for the spin-off from traditional PoT-driven innovation to a new IoT-oriented co-evolutional innovation.
Noteworthy Lessons for Harnessing the Soft Innovation Resources
Supported by the success of self-propagating functionality development by harnessing the soft value innovation resources as demonstrated by seven leading global ICT firms, the transformative direction of trust-based IDBM with CCSD can be envisioned as illustrated in Fig. 13 . 
Conclusion
This analysis focused on the increasing significance of the restructuring of business models in the global ICT firms toward an IoT-based society, the dynamism emerging this transformation, and optimal digital business strategies corresponding to this dynamism.
An empirical analysis was conducted by evaluating digital business solutions in 500 global ICT firms over the period 2005-2016 with special attention to their specific features initiated by particular gigantic "mutation" firms.
Noteworthy findings include:
• R&D-intensive firms have fallen into a trap in ICT advancement resulting in declining their marginal productivity of ICT and suggest a new productivity paradox in the digital economy.
• This can be considered a consequence of two-faced nature of ICT, which, together with people's preference shift to supra-functionality beyond economic value, leads to increasing dependency on uncaptured GDP.
• To counterchallenge such situation these firms endeavor to activate the self-propagating function that induces functionality development sublimating sophisticated digital business strategies.
• This activation can be achieved by harness the vigor of soft innovation resources.
• This dynamism can be considered the soft value addition corresponding to uncaptured GDP.
• Firms with higher market value increase the self-propagating function efficiently which, in turn further increase their market value.
• This can generally be attributed to their sophisticated digital business strategies in increasing the high level of operating income to R&D.
These findings give rise to the following insightful suggestions to global ICT firms for transformation of their business models toward an IoT-based society:
• The significance of the transformation from traditional ICT-driven functionality development strategy to digital business strategy should be recognized.
• A trap in ICT advancement and subsequent increasing dependency on uncaptured GDP should be realized.
• High functionality development induced by a sophisticated self-propagating function should be endeavored by recognizing the consequences of uncaptured GDP.
• It should be noted that higher operating income corresponds to higher market value.
• Trust-based IDBM with CCSD should be realized corresponding to a business model inducing a sophisticated self-propagating function.
• Every effort should be focused on effective utilization of soft-innovation resources M A N U S C R I P T
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to correspond to the effects of uncaptured GDP.
This analysis explores a new insight for ICT firms for their transformative strategy toward an IoT-based society. Future work should focus on detailed case analyses on further exploring the soft-innovation resources beyond anticipation suggested by the success and failure of other firms in addition to the seven ICT firms examined in this paper. In this context, Amazon's unique business model which accomplishes extraordinary digital value notwithstanding limited R&D investment should be further elucidated.
The further identification of similar novel business concepts as suggested by the seven leading global ICT firms (e.g., "overdrawing information through search", "merging net and real", and "fusing art and technology") should be made a priority.
The development of road maps toward the envisioned future would be another important responsibility and subject for future research. Challenge to the limitation of GDP in the digital economy would correspond to the current worldwide concerns. Increasing dependency on uncaptured GDP in the global ICT leaders was identified.
Transformative direction of leading global ICT firms against uncaptured GDP was revealed.
Noteworthy lessons for harnessing the soft innovation resources were extracted. 
